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Disparities in economic development between countries have
highlighted differences that cannot be attributed to natural resources
and demographics alone (Phelps, 2013). These differences draw atten-
tion to the role that skilled people play as critical resources in fostering
science, innovation, competitiveness and development in global knowl-
edge economies (De, 2014). The relevance of knowledge and of skilled
people has brought to the policy agenda of governments worldwide
the need to modernize science and higher education systems and insti-
tutions to cope with the complex economic, societal, cultural and scien-
tific challenges that modern societies face (Scott, 2000). This includes
doctoral training because PhDs have a substantial ability in recombining
existing knowledge and articulating it in novel ways, paving theway for
a multitude of innovations (Forfás, 2009), even if they represent a rela-
tively small proportion of skilled workers.
Doctorate holders are expected to acquire a combination of technical
and soft skills, transferable competencies, behaviors and high levels of
adaptability during their studies (Durette et al., 2014). These compe-
tences remain unchanged, despite the fact that doctoral training has
been undergoing transformation in recent times (Wildy et al., 2013).Lisboa (ISCTE-IUL), Centro de
al.
hku.hk (H. Horta),However, concurrent with recent changes in doctoral training, claims
have been put forward that “too many PhDs” are being trained
(Cyranoski et al., 2011). These claims have been fueled to a large extent
by themedia, based on data of mature science and technology systems2
(Larson et al., 2014; Stephan, 2012a). The rapid increase in contingent-
staff at US and UK universities is one of the most visible facets of this
phenomenon, and it is undisputable that, in many scientific systems,
doctoral graduates are facing increasingly precarious employment pros-
pects (Stephan, 2012b).3
This has become an alarming situation for the doctoral graduates
themselves and for the sustainability of these scientific systems
(Schwartz, 2014). However, to what extent is this an issue that pertains
to scientific systems still in their developing stages? This is a matter of
key importance because discourses of “toomany PhDs”, which originate
from mature scientific systems, are often taken as truths in systems
where such claimsmay not apply. Moreover, they may lead tomisguid-
ed policies that hamper the development of science in those countries
developing their scientific systems.
The assessment of the “toomany PhDs” claim in a country that is de-
veloping its scientific and academic system is the focus of this article.2 E.g., Weissmann, J. “The PhD Bust: America's AwfulMarket for Young Scientists— in 7
Charts”, The Atlantic, Feb. 20 2013: http://www.theatlantic.com/business/archive/2013/
02/the-phd-bust-americas-awful-market-for-young-scientists-in-7-charts/273339/.
3 This, in part, is also due to concerns which have been emerging regarding the quality
of doctoral education given the rising number of doctoral programs and sometimes un-
clear or conflicting quality-assurance regulations (see for example Byrne et al., 2013);
although relevant, this is a topic which is beyond the scope of this article.
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workforce in European average terms, facing structural barriers to eco-
nomic growth in recent years (Carneiro et al., 2014). It is also a country
that has witnessed one of the fastest developments of its scientific sys-
tem at the onset of the 21st century (Heitor et al., 2014), but where the
argument that there are “too many PhDs” is gaining much attention
from the national mass media and has been partly used to justify sub-
stantial public budget cuts in recent years (Rodrigues and Heitor,
2015). These have included a significant cut in grants awarded to new
doctoral students per year, with the number of grants reduced from
about two thousand new grants awarded in 2009 and 2010 to less
than thirteen hundred in 2012.4 This context, associated with the fact
that the country continues to develop its scientific system, makes it an
interesting case study to analyze to what extent the claim of “too
many PhDs” is applicable to countries developing their scientific
capacity.
Similarly to other studies about doctoral holders (e.g., Pedersen,
2014), the analysis is based on secondary data mostly sourced from
the OECD's Career of Doctorate Holders (CDH) survey, which started
to be implemented in 2006. This dataset is, to the best of our knowledge,
the only dataset that provides comparable data concerning stocks of
doctorates for several countries. Our analysis of PhD stocks is
complemented by our own (properly identified) estimations based on
both CDH data on stocks as well as number of new PhDs per year
(data retrieved from Eurostat). Other data sources, such as the Portu-
guese Ministry of Science and Education (and its directorates) are also
used when appropriate. The article's finding is based largely on analyz-
ing data trends but correlations are also provided in some instances for
informative purposes.
The findings of this article show that for countries that have not
achieved the critical mass, research proficiency and human resource
qualification levels of more developed countries, the “too many PhDs”
argument may not be valid. Our rationale for this assertion is based on
threemain reasons. First, new PhDs are required to improve the qualifi-
cations of academic staff and modernize the higher education system,
being the PhD a pre-requisite for quality scholar activities both in teach-
ing and in research (Cishe, 2014). Second, newPhDs aremajor drivers of
knowledge production at universities, which increasingly rely on doc-
toral training to foster new findings and promote new research areas
and themes (Larivière, 2011). Third, the low rates of PhDs employed
in sectors outside academia represent both a challenge and an opportu-
nity for the employment of PhDs. It is a challenge, since many low and
medium technology businesses have limited use for doctorate holders
but also an opportunity, because as national economic structures evolve
and businesses develop products and services further up in the value
chain, so does increase the demand for highly qualified human re-
sources. In this context, a large stock of new PhDs needs to be available
for these sectors to meet the demands of the global economy (see, for
example, the evidence described by Phelps, 2013, and Chaloff and
Lemaitre, 2009).
This article is organized as follows. The next section discusses the
changing nature of PhDs. Section 3 provides background context for
the Portuguese case. Section 4 discusses the Portuguese case, with re-
spect to five analytical issues: i) The stock and flow of PhDs in
Portugal compared with other countries in Europe; ii) the qualification
level of higher education teaching staff; iii) the aging of the doctorate
holder population and academic staff; iv) the evolving level of scientific
production; and v) the non-academic labor market for PhDs. Section 5
discusses the data and facts presented, and justifies our main argument,
which is summarized in the last section, together with policy
implications.4 Source: Fundação para a Ciência e Tecnologia: http://www.fct.pt/images/stat/B6_en.
gif [accessed on the 9th of July 2015.2. The changing nature of PhDs
Obtaining a doctorate degree is considered a high educational
achievement, and the starting point of a research career (Jairam and
Kahl, 2012). Traditionally, a PhD was pursued mainly by those of a
strictly academic persuasion, intent on spending their lives in academia
and engrossed in research and teaching endeavors (Delanty, 2002). The
dawn of global knowledge societies and the rise of mass education led
to a multitude of higher education reforms worldwide, and to universi-
ties and academics adapting to new times (Bleiklie and Kogan, 2007;
Heitor et al., 2014; Cattaneo et al., 2014). These adaptations included
challenging some of academia's basic values (such as collegiality; see
Ferlie et al., 2008) and the traditional idea of doctoral education,
among others (Usher, 2002).
Although doctoral training has maintained its focus on research,
doctoral students are increasingly being asked to acquire diverse, trans-
ferable andflexible skillsets that enable them to adapt towork in sectors
other than higher education and research (Jackson, 2013). Their emerg-
ing role is not limited to research, and some studies have found PhDs
working in industry to have less of a “taste for science” than thosework-
ing in academia (Roach and Sauermann, 2010). The increasing number
of PhDsmoving into sectors other than academia can be interpreted as a
tacit recognition of the importance of PhDs to the knowledge economy
(Castro-Cruz and Sanz-Menéndez, 2005). For example, in the US,
whereas in the 1960s, it was estimated that 85% of doctorate recipients
took on academic positions, in 1994–1998 only 36% took on full-time
positions at universities (Pion et al., 2003).
The fact thatmore PhDs began to be employed in non-academic sec-
tors, necessarily because of a lack of positions in academia or because of
their desire to work outside academia (Enders, 2002), led some univer-
sities – in times of growing accountability – to transform their PhD pro-
gram training to increase employability and efficiency (Cuthbert and
Molla, 2014). Many PhD programs now are intended to develop specific
workplace skills perceived as desirable by employers to the detriment of
knowledge production skills (Craswell, 2007). New types of doctoral
training have emerged to meet new professional options for doctoral
students. A paradigmatic case is the “professional PhD”, which aims to
provide specific training to those who seek to work outside academia
(Fenge, 2009). Entrepreneurship and knowledge transfer skills have
been particularly highlighted in many programs worldwide, in associa-
tion with the ultimate goal to foster skills for the creation of new
science-based firms (Breschi et al., 2014).
Also, many universities worldwide are increasingly adopting the
practice of “PhD by publications” as a pragmatic approach towards
doctorate training (Jackson, 2013) that increases the levels of knowl-
edge productivity, together with the visibility of new doctorate
holders (Horta and Santos, 2015). However, there is some evidence
that those who pursue non-traditional doctoral programs are not
necessarily departing academia but remain there with a different
profile from those pursuing traditional PhDs (Wellington and Sikes,
2006).
For all the changes to doctoral training, studies show that the moti-
vation to undertake a PhD remains unchanged and continues to be
mainly aligned with interest in independent work, curiosity-driven en-
gagement, and the influence of family and learning agents (including in-
fluential university faculty). These motivations are less related with
financial incentives, downstream work and access to resources
(Guerin et al., 2015; Roach and Sauermann, 2010; Zhou, 2014). In gen-
eral, doctoral students are interested in learning skills that are not nec-
essarily those for which there is a demand in non-academic sectors, and
this has been discussed in the literature as a major challenge to the em-
ployment of doctorate holders in non-academic sectors (see De Grande
et al., 2014). It is also clear that financialmotivation has not been critical
for many doctoral applicants (Guerin et al., 2015; Roach and
Sauermann, 2010; Zhou, 2014), although studies present mixed find-
ings concerning the salary premium of holding a PhD when compared
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and Robken, 2013).
These issues are important because the emerging discourse associat-
ed with the “too many PhDs” argument concerns mainly the employ-
ment prospects of doctorate holders. These concerns have three
dimensions. First, the difficulties that doctorate holders report infinding
jobs aligned with their qualifications (Canal Domínguez and Muñiz
Pérez, 2012) have fueled the argument thatmore PhDs are not required,
a discussion that is prevalent in countries with large number of doctor-
ates (Cyranoski et al., 2011).
Second, unemployment has an impact on the attractiveness of re-
search to young people. An argument being forwarded is that too
much competitiveness is detrimental in the long term, as outstanding
students are either “scared away” from research altogether (Alberts
et al., 2014), ormigrate to countrieswhere employment ismore viable –
although not necessarily more stable or permanent (Cantwell, 2011) –
in order to pursue a research career (Regets, 2007). However, there
are many reasons to believe that this may be a matter of perception,
as data from the Careers of Doctorate Holders survey (i.e., CDH 2009) in-
dicate that doctorates have a low unemployment rate, with an average
of 1, 2% in all the countries participating in the survey — which is very
low, even if compared with other skilled human resources (Auriol,
2010; Maldonado et al., 2013; Milesi et al., 2014).
Third, PhDs are facing increasingly unpredictable and unsatisfactory
career prospects in academia, where contingent faculty, postdoctoral
positions followed bymore postdoctoral positions, and limited research
and academic freedom is the expected career path (Miller and Feldman,
2014).
Overall, the concept of doctoral education is broadening and chang-
ing alongside other societal changes and transformations in scientific
and higher education systems. The key issue concerns the extent to
which there are too many or too few PhDs being trained, since the
role and importance of doctorates to scientific and academic systems
remains unaffected.
3. Background: the Portuguese case
Until the mid-1980s, the Portuguese higher education system did
not have the capacity to train PhDs in general, and there was a lack of
critical mass in many scientific areas (Santos and Horta, 2015). Thus,
science policies continuously fostered doctoral training abroad,
resulting in a continuous brain drain (Rodrigues and Heitor, 2015).
After two decades, and starting from the 1990s, the mobility of human
resources at thedoctoral levelwas assumed as a policy strategy to create
the foundations of a scientific and academic basis in Portugal upon the
return of doctorate holders trained abroad, as well as a means to inter-
nationalize Portuguese scientific and academic communities (Horta,
2010). As a result, brain drain and brain circulation coexisted over
time, although leading, many times, to academic inbreeding practices
particularly at the oldest universities (Tavares et al., 2015).
A significant growth was observed in the number of publications,
with Portugal's science base in the fields of science, technology, engi-
neering, and mathematics becoming internationally competitive. How-
ever, it took almost four decades to achieve reasonable international
levels of investment in science and technology and to overcome a situ-
ation of continuous lagging behind on the international scene. This has
been shown to be associated with patterns of relatively sluggish or fluc-
tuating investments in research and development (R&D) for many
years, reaching unparalleled levels of development only in the period
2007–2010. This is the period associated with a short period of brain
gain of PhDs to Portugal, which was observed only until recession and
budgetary problems overtook Portugal and the rest of Europe (Heitor
et al., 2014).
Recent years have been characterized by a decrease in the
budget allocated to science and technology (S&T), associated with the
perception that policies must be changed. In this regard, two types ofarguments have been put forward, often conflicting and possibly
resulting from distinct political influences (Heitor, 2015). On the one
hand, there is a recurrent argument in Portugal that there is a need to
target public support for companies and mostly for business competi-
tiveness, and, on the other hand, a need to increase selectivity criteria
of public support based on the claim of overqualified personnel. This
has resulted, for example, in the reduction of funds allocated to doctoral
and post-doctoral grants and scientific employment.
4. Data analysis
This section focuses on five main analytical issues drawn from the
literature. The first concerns the stocks and flows of highly qualified re-
sources (see Loyalka et al., 2014),which this article adapts to thedoctor-
ate holder population. The second and third issues relate to the
qualifications and age distribution of academic staff at Portuguese uni-
versities and the stock of doctorate holders. These two issues have
attracted increased interest in the literature since they are believed to
have an impact on the quality of research, teaching, and other services
that universities provide to society (see Sarrico and Alves, 2015;
Sarrico and Pinheiro, 2015). The fourth issue concerns the specific con-
tribution of the stock andflows of doctorates to research output, relative
to mature scientific systems (Pinheiro et al., 2014). The final issue is re-
lated to the employability of doctorates in non-academic sectors
(Castro-Cruz and Sanz-Menéndez, 2005).
4.1. Doctorate flows and stocks in Portugal and Europe
Europe is the region in theworld training the highest number of new
doctorates per year. According to the European Commission, the
European Union, “with 111,000 new doctorates awarded every year,
produces nearly twice as many doctorates as the United States.”
(European Commission, 2011). Although the overall number of new
doctorates has been increasing steadily in Europe (Fig. 1), this figure
gives no indication of the big difference between countries, with
Finland, Germany and the UK exhibiting considerably larger numbers
than all other countries.
The Portuguese ratio of newdoctorate holders in relation to the pop-
ulation has increased substantially over the last decades, but in 2004, it
was still one of the lowest in Europe. The ratio for 2012was comparable
to that in Belgium and The Netherlands for 2004 and about 40% lower
than that in mature scientific and academic countries such as the UK,
Germany or Finland, where the discourse of “too many PhDs” may be
more prominent.
Although the stock of doctorate holders in Portugal (relative to the
population) has been on the rise in recent years, it is still a long way
from matching that of other countries such as Germany or Finland
(see Fig. 2). Indeed, Portugal only managed in 2012 to attain the stock
that Netherlands had in 2004,which represents a significant lag in qual-
ification. As of 2012, the Portuguese's relative stock of doctorate holders
(23 PhDs per 10,000 inhabitants) is only less than half of Germany's in
the same year (54 PhDs per 10,000 inhabitants). Given the decrease in
the gross R&D expenditure in recent years, from 1.6% of GDP in 2010
to 1.34% in 2013, it is unlikely that Portugal will match other European
Union countries in the foreseeable future, especially when considering
that the flow of new doctorate holders is expected to start decreasing
in 2015 (Heitor, 2015).
By combining the information presented above and plotting the
stock versus the flow of PhDs for Portugal in comparison with other
European countries it is possible to obtain further insights (see Fig. 3).
The trend-lines exhibit a quite different path in the countries consid-
ered, with Portugal following the Dutch pattern, but quite different
from the situation in Finland. In the case of Portugal, it is also important
to note that the path is almost linear because the growth rate of the
stock does not matchwhat would be expected by the two-fold increase
in theflowof newdoctorate holders between 2004 and 2012. A possible
Fig. 1. Flow of new PhDs, as measured by the number of new PhDs per 10,000 inhabitants, 2004–2012.
Source: Educational attainment and education outcomes (EDAT), Eurostat.
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ates do not remain in the country, creating an additional challenge for
Portugal in terms of the emergence of a new era of brain drain (see
Heitor, 2015).
4.2. The qualification level of the Portuguese higher education teaching
body
Expanding the previous analysis, the employment of doctorate
holders is considered in the following sectors of activity: business enter-
prises, government, higher education, private non-profit, and other
types of education. A trend which can be identified in Portugal, and
also in some other countries (see Fig. 4), is the concentration of doctor-
ate holders in the higher education and government sectors (respec-
tively 85% and 8%). Most notably, the business enterprise sector in
Portugal employs very few doctorate holders (3%), mostly because of
the structure of the economy and the relative concentration of small
size firms that tend not to employ them, unless they are from knowl-
edge intensive sectors (Heidenreich, 2009).
This analysis is important for two reasons. First, it confirms a sub-
stantial difference across countries in terms of the diversification of
the employability of doctorate holders, with countries having well-
developed scientific and economic systems being able to have open
highly skilled labor markets in the private sector (i.e., The NetherlandsFig. 2. Relative stock of PhDs, as measured by the total n
Source: OECD, own calculations.and Belgium). The related migration of doctorate holders from acade-
mia to non-academic sectors is only relevant in countries with devel-
oped high-tech sectors (Thune, 2009), which are increasingly drivers
of the ongoing international competition for skilled human resources.
Second, it suggests that higher education and government sectors in
Portugal and other comparatively less developed European regions
should increase employment opportunities for new doctorate holders
in order to retain and attract PhDs at home (De Grande et al., 2014;
Roach and Sauermann, 2010).
When considering the evolution of the qualifications of academic
staff in Portuguese universities, one observes that the percentage of
academic staff holding a PhD is still only about 70% in public univer-
sities and below 50% in private universities (with reference to 2012/
2013, see Fig. 5). The data also show a rapid increase in the qualifica-
tions of university academic staff in the early 2000s but a relative
stagnation in that process over the few last years. The large qualifica-
tion gap between academic staff in public and private universities
can be explained by the strong teaching orientation of private uni-
versities and their focus on social sciences and humanities (Amaral
and Teixeira, 2000; Teixeira et al., 2012). However, the key point to
stress from this analysis is that there is a great opportunity to en-
hance the qualifications of academic staff in Portuguese higher edu-
cation, which exhibits rather low qualification levels when
compared to other OECD countries.umber of PhDs by 10,000 inhabitants, 2004–2012.
Fig. 3. Stock versus Flow of doctorates holders between 2004 and 2012, in terms of the total number of PhDs (vertical) and the yearly number of new PhDs (horizontal) by 10,000
inhabitants.
Source: OECD, own calculations.
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no indication of the different rates of evolution in specific disciplinary
fields. However, this is a matter of relevance. For example, Heitor et al.
(2014) showed distinct institutional and disciplinary paths in the qual-
ifications of academic staff in the faculties of medicine, engineering and
law in three different Portuguese universities. On average, engineering
faculties have been the fastest in adopting the PhD as a necessary qual-
ification for their academic staff, while the qualifications of academic
staff in faculties of medicine have either stagnated or actually worsened
in recent years. This is an indication not only of the importance of spe-
cific disciplinary cultures, norms and habits, but also of how different
levels of engagement in research are also influential factors in the Portu-
guese case.4.3. Aging of the Portuguese doctorate population and academic staff
The issue of relative low qualifications of academic staff at Portu-
guese universities cannot be solely perceived from an historical and in-
stitutional perspective. Although the data discussed above suggests that
the argument of “too many PhDs” is not appropriate, it should be noted
that further analysis of the age and retirement conditions in academia
needs to be considered.Fig. 4. Sectorial distribution of
Source: CDH 2009 data collectiThe age distribution of the population of doctorate holders in
Portugal has changed considerably over the years, together with the
stock of doctorate holders (see Fig. 6). Whereas in the 1970s, the total
stock of doctorate holders (with less than 400 doctorate holders) com-
prised only individuals over 55 years old, in the 2000s, the stock
increased to over 25 thousand people, 92% of whom below 55 years
old, including 67% below 44 years old. The population of doctorate
holders in Portugal became younger mostly as the result of public poli-
cies fostering a steep increase in the number of doctorate doctoral stu-
dents through doctoral grants (Horta and Hasanefendic, 2015). The
number of doctorates awarded in the period 2000 to 2009 was greater
by 48% than the total number of doctorates awarded in the three previ-
ous decades, from 1970 to 1999 (Heitor and Horta, 2012).
An international comparison of the age distribution of the stock of
doctorate holders in several countries indicates that Portugal is charac-
terized by an age distribution that is still comparatively skewed towards
the older strata (see Fig. 7). This implies the need for Portugal to contin-
ue investing in doctoral education and promoting the systematic reju-
venation of the stock of doctorate holders. It should also be noted that
the age distribution of doctorate holders in Portugal may appear similar
to that in the USA and Finland, but those countries have long been able
to constantly attract highly qualified people from abroad as a strategy
for augmenting human capital (Lee, 2014; Suter and Jandl, 2008).doctorate holders in 2009.
on, OECD.
Fig. 5. Sample data about the percentage of teaching body holding a PhD in Portugal. Note: Polytechnic institutions not included.
Source: Ministry of Science and Education (Portugal).
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creasing international competition for skilled human resources does re-
quire a continuous investment in the training of young doctoral
students. This is particularly important for countries like Portugal,
where most of the doctorate holders are employed by a still under-
qualified higher education system, in which academic staff are aging
fast. According to our estimations based on official data, it is expected
that 41% of academic staff in public universities and 34% of academic
staff in private universitieswill retirewithin the next 15 years. Those re-
tiringwithin the next 5 to 7 years represent around 10% of the academic
staff in public universities and 15% of the academic staff in private uni-
versities, many of them holding a PhD. Consequently, there will be a
high demand for new PhDs in higher education in Portugal for years
to come, requiring an adequate regulatory system and employment
measures (Heitor, 2015).
4.4. The evolving level of scientific production
A further issue to be considered is the role of doctorate training in
the growth of research output in Portugal, which is analyzed from the
dual perspective of the stock (Fig. 8) and the flow (Fig. 9) of PhDs. TheFig. 6. Evolution of the age distribution of doct
Source: DGEEC.data show statistically significant and positive associations between
the stock and the flow of PhDs and knowledge produced in Portugal, al-
though it is clear that such correlations are not sufficient to make a cau-
sality claim between these variables. Nevertheless, there is a wide range
of literature supporting the impact of the stock of doctorate holders and
doctoral training on research productivity, so it is highly unlikely that
the correlation is purely spurious. For example, Jairam and Kahl
(2012) and Mowbray and Halse (2010) provide evidence of the devel-
opment of doctoral skills for producing new research work, and
Jackson (2013) underlines the role of doctoral education in promoting
collaboration with external stakeholders. Other authors have empha-
sized the contribution of doctoral students to the pool of knowledge
(e.g., Pinheiro et al., 2014).
Following this line of thought, and following Larivière's (2011) study
of the contribution of doctoral students to knowledge output in the Ca-
nadian province of Quebec, an analysis of the relations between flows
and stocks of PhDs and publications and citations was performed. The
analysis showed that the number of internationally indexed publica-
tions affiliated with Portuguese institutions has increased in an almost
perfect linear trend with the stock (r2 = 0.977) and flow (r2 = 0.907)
of doctorate holders. The best trend line fit is an exponential line fororate holders in Portugal over 4 decades.
Fig. 7. Distribution of doctorate holders in several countries by age group in 2009.
Source: CDH 2009 data collection, OECD.
358 J.M. Santos et al. / Technological Forecasting & Social Change 113 (2016) 352–362both the stock (r2 = 0.990) and the flow (r2 = 0.932) of doctorate
holders, suggesting that increasing the stock of doctorate holders fosters
knowledge production significantly, at least as quantified in terms of
publications. The effect of the training of PhDs in Portugal is also evident
in the impact of the internationally indexed publications affiliated with
Portuguese institutions, with statistically significant correlations be-
tween the citation impact and both the stock of doctorate holders
(r = 0.974; p b 0.001) and the flow of doctorate holders (r = 0.954;
p b 0.001).
4.5. Non-academic labor market for doctorates
Phelps (2013), among other scholars, refers to the need for available
highly qualified people as a condition for high technology sectors to
emerge anddevelop. At the same time, amajor concern inmature scien-
tific systems is the lack of available positions in academia for doctorate
holders and the sets of skills that doctorate holders require to be
employed in non-academic sectors (e.g., De Grande et al., 2014). This
issue is usually understood as both a challenge and an opportunity in
these systems, with implications for systems still in the developingFig. 8. Flow of new PhDs per 10,000 inhabitants versus number of indexed publications (in We
refers to the number of citations divided by the number of publications. As citation data was onl
Inconsistent data between 2006 and 2009 is reported here as a series break.stages, even considering the need for PhDs to improve qualifications
in the academic sector.
Although the employment of doctorate holders in the business
enterprise sector is critical to the promotion of knowledge transfer
and innovation (Heidenreich, 2009), this occurs mainly in high and
medium-high technology sectors, which represent about 11% of em-
ployment in Germany and 7% in Finland, and only 3% in Portugal. In
addition, Heitor (2015) has shown that only those European nations
that have increased their investment in S&T and, at the same time,
managed to diversify their economic structure (i.e., Germany and
The Netherlands) have guaranteed the necessary absorptive capacity
to foster the creation of skilled jobs and promote the impact of S&T in
economic development (see also Cohen and Levinthal, 1990; Freel,
2005; Vinding, 2004). The implications for countries developing
their scientific systems are that they need to increase the
budget allocated to R&D with measures oriented towards technolog-
ical diversification and intensification of the industrial base across
different sectors. Instead of calling for the creation of new highly
qualified jobs in business sectors that cannot seem to accommodate
them in the short-term (Garcia-Quevedo et al., 2012), the focus mayb of Science) and related “citation impact” for Portugal, 2004–2012. Note: citation impact
y available in quinquennia, the reported year is themid-point for the citation quinquennia.
Fig. 9. Stock of PhDper 10,000 inhabitants versus number of indexed publications (inWebof Science) and related “citation impact” for Portugal, 2004–2012.Note: citation impact refers to
the number of citations divided by the number of publications. As citation data was only available in quinquennia, the reported year is the mid-point for the citation quinquennia.
Sources: OECD; DGEEC; own calculations.
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for PhDs to develop in time.
Also, a discussion on the employability of doctorates in non-
academic sectors needs to consider the public administration sec-
tor, which is facing large economic, social and political pressures
for reform (see OECD, 2013), as well as the need to consider quali-
fied human resources as a strategic asset (McGregor, 1988). Fig. 10
quantifies the evolution of the levels of formal qualifications in the
Portuguese public administration over the last decade, showing a
quasi-stagnant level of only half of the workers possessing a tertiary
education degree, with only 9% possessing a doctorate or a master's
degree in 2014, including teachers and medical doctors. Refining
the analysis, by subtracting the ministries of health, science and ed-
ucation, those with doctorates and master's degrees represented
only 5% of the total number of public employees in 2014, with the
percentage of workers with tertiary education dropping to 37%. In
general, the data suggests that public administration represents an
effective potential for doctorate employment in Portugal. However,
this requires active public policies to foster the employment of
highly qualified people in this sector.Fig. 10. Formal educational level of public adm
Source: DGAEP.5. Discussion: the role of public policy in fostering the changing
nature of PhDs
The analysis presented above contradicts arguments that there are
“too many PhDs” in Portugal. At the same time, it underlines the rele-
vance that public policies and instruments emphasizing doctoral training
and employment had andmayhave for the years to come. Although these
instruments (Table 1) have recently been questioned in Portugal, they
contributed decisively to strengthening the science, technology and
higher education systems in the country for the past decades. Table 1
shows a long-termprocess of human capital formation associated to insti-
tutional building policies (see Rodrigues and Heitor, 2015), that required
different institutional speeds, where four main issues should be
underlined: i) the required accumulation over time of individual grants
at doctoral and post-doctoral levels; ii) the nature of increasingly open
competitions for individual grants, including the need to attract foreign
nationals; iii) the need to evolve from grants to research contracts, at
least at the post-doctoral level and on a temporary basis; and iv) the
need to consider some level of academic inbreeding in the oldest univer-
sities in order to facilitate the building of local absorptive capacity.inistrators in Portugal, for 2005 and 2014.
Table 1
Main periods analyzed in this article for the development of doctorate training and science policy in Portugal (1970–2015).
Period Main characteristics GERD/GDP Typical flow of PhDs
(number of new PhDs
per year)
Typical stock of PhDs
(total number of PhDs)
Main S&T policy instruments
1970–1985 Early attempts at growth, with 50% of
PhDs abroad; few PhDs in universities
(brain drain); high academic inbreeding
0.27% 150
(in 1985)
Around 500 Creation of several universities in the mid-1970s
(higher education policy); definition of university
and polytechnic career statutes.
1986–1995 Striving to increase knowledge capacity;
greater mobility to international
scientific organizations (e.g., CERN); high
academic inbreeding
0.48% 400
(in 1995)
Around 3000 Infrastructure building, competitive R&D projects
and individual fellowship program (doctoral and
post-doctoral); below 30% of PhDs in the faculty of
public universities
1996–2005 Doctoral and post-doctoral fellowship
program, increased brain circulation
0.75% 1100
(in 2005)
Around 12,000 Performance-based funding of research units,
through national research assessments, including
the creation of large associate laboratories, to foster
research networks; research career status;
promotion of public understanding of science; 50%
of PhDs in the faculty of public universities
2006–2010 Increasing capacity; research contracts
(achieving brain gain of PhDs)
1.5% 1500
(in 2010)
Around 25,000 New measures to foster scientific employment
through competitive research contracts; university
chairs; reform of university governance and
assessment systems; International partnerships
promoting thematic networks of research and
advanced training; 60% of PhDs in the faculties of
public universities
2011–2015 Austerity, with increasing divergence to
Europe
1.3% 2500
(in 2014)
Around 30,000 Stagnant levels of scientific employment and
university positions;
70% of PhDs in the faculty of public universities
Note: The calculation of GDP follows the European System of Accounts, ESA 2010 revision.
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employment of doctorate holders in non-academic sectors. The creation
of skilled jobs and the diversification of the economy are key issues that
are increasingly associated with doctoral training. In this regard, it
should also be noted that research outcomes tend to be characterized
by strong spillover effects. From the point of view of companies, this
leads to an underinvestment in R&D because the appropriation of ben-
efits of that investment is not complete (Conceição et al., 2004). The
conclusion is that public policies geared towards increasing private ex-
penditure in R&D and skilled employment should embrace increasing
public expenditure, which is counter-intuitive in light of a “linear” inter-
pretation of the innovation generating mechanisms. When tracking the
trajectory of the countries today that mostly invest in private funds in
R&D together with the employment of doctorate holders, one realizes
that this private funding has been historically preceded by intense and
sustained public investments in R&D (e.g., Mazzucato, 2013).
In this context, besides public investment, policies and regulatory
frameworks that are oriented to stimulating doctoral education and em-
ployment, the role of “intermediary institutions” should be highlighted.
Intermediary institutions encompass private partnerships, public–private
partnerships, and non-governmental and contract research organizations
with significant R&D activities able to gain access to distributed knowl-
edge bases through a pool of skilled employees These institutions repre-
sent potential employers of doctorate holders in a wide range of
positions. The development of future markets (e.g., Cuhls et al., 2012)
and the creation of new economic actors and sectors (Rothgang et al.,
2011) are facilitated through these type of institutions, which provide a
framework for research on high-tech applications by enabling collabora-
tion across different sectors and technology fields, and which can play a
role in creating the sustainable employment of doctorate holders.
It should also be noted that the traditional dividing line between sec-
tors with companies performing high-tech and low-tech research with
respect to business employers of doctorate holders is becoming blurred
(Cuhls et al., 2012; Rothgang et al., 2011). Evenwithin the familiar tech-
nological fields of many firms in low- and medium-technology indus-
tries, research questions arise that cannot be answered by firms using
firm-internal sources or by merely implementing technology that has
been developed elsewhere. Lessons learned from the trajectory of coun-
tries today, such as Germany, that mostly invest in private funds in R&Dand in the employment of doctorate holders, suggest that public funded
research networks and public–private partnerships may have critical
roles in both “traditional” sectors of the manufacturing industry and
the creation of new high tech sectors. By promoting precompetitive, co-
operative research activities, together with PhD employment, public
policiesmay facilitate the innovativeness of enterprises across the econ-
omy, contributing to its diversification.6. Conclusion
This article contradicts the “too many PhDs” argument and argues
that there is a need to understand better the changing nature of doctor-
ates and doctorate holders and their possible future employment per-
spectives. The analysis is developed for Portugal as a case study of
interest to other countries developing their science, technology and
higher education systems. Our analysis suggests that there is a need
for active public policies to attract and retain highly qualified human re-
sources, and to promote new economic actors and instrumentswith the
capacity to invest in and employ PhDs. The way in which a country like
Portugal may gain competitiveness and access to external markets may
require encouraging international knowledge and innovation networks,
and deepening the degree of involvement of new doctorate holders in
the internationalization of the economy. Intermediary institutions and
public–private research partnerships may play a critical role in the pro-
cess, implying necessarily a better understanding of the changing na-
ture of doctorates and doctorate holders.
However, the need for more doctorate holders is beyond immediate
economic rationales, and this article shows their basic role and continu-
ous relevance in improving qualifications in higher education, as well as
in sustaining adynamic national science and technology base. The current
economic situation presents a strategic opportunity to revisit the role of
doctoral training in times of post-financial crisis. This requires strength-
ening doctoral education, together with new research partnerships, and
counter-cycle policies that help in diversifying the employability of future
doctorate holders. Efforts to enhance the employability of doctorate
holders outside academia should take in consideration the need to change
the structure of the economy and new forms of skilled employment in in-
termediate organizations, as well as in public administration.
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